Vibrio cholerae 0139 Bengal emerged on the Indian subcontinent in late 1992 and was first recognized in Thailand in 1993. To characterize the epidemiology of this disease, a hospital-based case-control study was conducted in Samutsakorn, a port city 30 km southwest of Bangkok. Between November 15, 1993, and June 3, 1994, 366 patients were confirmed to have cholera by culture, including 165 (45%) with 0139 Bengal, 191 (52%) with 01 Ogawa, and 10 (3%) with both serogroups. During the same time period the previous year, 319 culture-confirmed cholera cases occurred, all serogroup 01. Questionnaires were obtained from 105 patients with O139 Bengal and 103 with 01 infections; for each case patient, two asymptomatic age-and sex-matched control persons were selected. Of the patients with 0139 Bengal infections, 93% were adults (>15 years) compared with 92% of patients with 01 infections. Risk factors for cholera identified by case-control comparisons were similar for the two serogroups and included consumption of untreated water, uncooked seafood, and food served at group gatherings. V. cholerae 0139 Bengal has emerged in Thailand as a cause of endemic cholera, with epidemiologic features and incidence similar to those of the preexisting 01 strain. Am
In late 1992, epidemics of cholera-like illness caused by a new strain of Vibrio cholerae non-01, designated 0139 Bengal, began to occur in India and Bangladesh and rapidly displaced existing stains of V. cholerae 01 (1, 2) . In 1993, nine cases were reported from Bangkok, Thailand (3); and in the first 3 months of 1994, an increase in the number of 0139 Bengal cases was noted in other locations in Thailand (4) . The disease has also been identified in Pakistan, Nepal, and Malaysia (2, 5) ; and imported cases have occurred in several industrialized countries (6, 7) , attesting to the pandemic potential of this organism.
In India and Bangladesh, large epidemics of cholera occur regularly, usually twice a year (8) . By comparison, in Thailand, cholera has remained endemic at a relatively low level, and outbreaks have been rare. Most reports of cholera in Thailand have been among refugee populations or persons living in coastal areas such as Samutprakan and Samutsakorn (9) (10) (11) . The introduction of 0139 Bengal raises a number of epidemiologic questions related to the pandemic spread of this disease. Specifically, to what degree will 0139 Bengal replace 01 disease in areas outside India and Bangladesh, and will there be a shift from low-level endemic to epidemic cholera in these areas? Do the epidemiology and clinical pattern of 0139 Bengal infections differ from those of 01 infections? What are the risk factors for acquiring V. cholerae 0139 Bengal?
In this study, case-control methodology was used to address these questions. The epidemiology of cholera due to the 0139 and 01 serogroups detected in Samutsakorn, Thailand, was compared with data reported from the Indian subcontinent. Several potential modes of transmission were identified epidemiologically, which are important for planning strategies to limit the spread of this disease.
MATERIALS AND METHODS

Setting
Samutsakorn is a major port city of 373,000 residents (1992 census) located 30 km southwest of Bangkok. Potable municipal water that is not chlorinated is piped from underground sources to most homes in the city. Some residents obtain water from private wells.
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Case detection
In August 1993, cases of V. cholerae 0139 Bengal were first reported from Samutsakorn, and we initiated hospital-based surveillance for this disease at the provincial hospital on November 15, 1993. Surveillance was continued until June 3, 1994, through the cholera season. The hospital has 300 beds and serves as the primary care facility for the city of Samutsakorn and as a referral facility for outlying rural areas.
Surveillance was conducted in all adult and pediatric inpatient wards and the outpatient clinic. Stool specimens or rectal swabs collected from all persons of any age hospitalized for diarrhea were cultured for V. cholerae. In addition, patients presenting to the outpatient department (weekday mornings) were also cultured for V. cholerae if they had watery diarrhea. A case of cholera was defined as the isolation of V. cholerae 01 or 0139 from any of these patients.
Case-control study
A study nurse visited the hospital every day except weekends and holidays to obtain questionnaire data from culture-confirmed cholera cases (both 0139 and 01). For each cholera case patient enrolled, two ageand sex-matched control persons were selected. Controls were randomly selected from persons hospitalized or visiting the hospital for reasons other than diarrhea who had not had diarrhea within the previous 2 weeks. Control persons were generally being seen for acute medical problems or routine care, rather than chronic medical conditions. A standardized questionnaire regarding potential risk factors was completed for all cases and controls. Questions regarding food and water consumption and activities related to the 3 days before the onset of symptoms for case patients or the 3 days before visiting the hospital for control persons. Case and control persons were also asked whether they had had contact with any other person who had diarrhea during the 2 weeks before illness (or hospital visit).
Microbiology
Stool specimens and rectal swabs from patients with diarrhea were cultured at the hospital laboratory and at the Armed Forces Research Institute of Medical Sciences. Specimens collected during nights and on holidays were processed only at the hospital laboratory, and then isolates were subsequently forwarded to the institute for confirmation. Fecal specimens were cultured on thiosulfate-citrate-bile salts-sucrose media before and after inoculation in alkaline peptone water, pH 8.0. All vibrio were identified as V. cholerae using standard methods and were tested for agglutination in polyvalent 01 and monovalent Ogawa, Inaba, and 0139 antisera (12, 13) . V. cholerae isolates were also examined for DNA sequences encoding cholera toxin (13, 14) .
Statistics
Epi-Info version 5.01b (Centers for Disease Control, Atlanta, Georgia) was used for analysis. We calculated p values by chi-square with Yates' correction or twotailed Fishers exact test (if an expected cell was less than 5). Continuous variables were compared with the Wilcoxon test. Univariate matched analysis was performed using the Mantel-Haenszel chi-square. Conditional multiple logistic regression was performed using MULTLR version 879 (15) .
RESULTS
Clinical features of O139 Bengal and 01 cholera cases
Between November 15 and June 3, 1994, 366 patients with cholera were identified at Samutsakorn Hospital, including 165 with 0139 Bengal, 191 with 01, and 10 with both 01 and 0139 infections. Of the 366 patients, 354 (97 percent) were hospitalized; only 12 cholera cases (3 percent) were identified among persons treated as outpatients. There was no mortality recorded. All Ol infections were identified as V. cholerae el tor, Ogawa.
The number of persons who were hospitalized with confirmed cultures of 0139 Bengal and 01 infections is shown in figure 1 . The total number of persons hospitalized for cholera during the study period was not appreciably different from the number reported during the same months of the previous year (354 vs. 319 cases, respectively). All of the 319 cases of cholera occurring in this period the year before were due to V. cholerae Ol.
Questionnaires were completed for 217 (59 percent) of the 366 patients. Questionnaires were not obtained from 41 percent of patients who were treated and discharged during evenings, weekends, and holidays, when study nurses were not at the hospital. 
Case-control study
Cholera cases and matched controls were similar with regard to matching criteria. The median age (interquartile range) among 0139 Bengal case patients was 31 (23-48) years compared with 30 (23-49) years for matched control persons. The median age (interquartile range) among 01 case patients was 27 (19-38) years compared with 27.5 (19-37) for matched controls. Fifty-eight percent of 0139 Bengal cases were male compared with 57 percent of controls; 41 percent of both V. cholerae 01 cases and controls were male.
A number of risk factors for cholera were identified. Although variation was observed in the results of significance testing, almost identical trends were observed for the two serogroups, O139 Bengal and Ol (tables 1 and 2). Risk factors significantly associated with one or both of these infections by univariate analysis included consumption of untreated water, consumption of ice, consumption of food sold by street vendors, consumption of uncooked or partially cooked seafood, and attendance at a group gathering (festival or party) where food was served within 3 days before onset of illness. Contact with other persons with diarrhea in the 2 weeks before illness (either within the same household or outside the household) was also associated with disease. Higher educational level (defined as completing primary school or, for children, having a parent who completed primary school) and hand washing before eating were both found to be protective. Contact with people from India and Bangladesh, history of travel, work with seafood (e.g., fishing, crabbing, shucking), and number of persons in the household were not associated with disease. There were no additional risk factors identified during the 2-week period beginning February 7, when a sharp increase in 01 cases was noted.
There were no significant differences in risk factors by sex or by serogroup. Although raw seafood was statistically associated only with 0139 Bengal infections (table 1) , there was a strong trend toward an association with 01 infections (table 2), and this variable was a significant risk factor among all cholera 
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obtained locally in Thailand, and there was no significant difference in the prevalence of raw seafood consumption between case patients with 0139 Bengal and case patients with 01 infections. There was also no significant difference in the prevalence of ice consumption between 0139 and Ol case patients, although this variable was statistically associated only with 01 disease. Ice factories in the city primarily used unchlorinated municipal water. All variables that were significantly associated with increased or decreased risk of disease for each serogroup were analyzed by conditional multiple logistic regression to determine which remained independently significant (tables 1 and 2) . No evidence of confounding or significant interaction between variables was observed, and there were minimal changes in odds ratios compared with univariate analysis for either serogroup. All factors that were significant by univariate analysis remained significant by multiple logistic regression, except for history of contact with a person outside the household (for O139 infections) and consumption of ice (01 infections) (tables 1 and 2).
DISCUSSION
The recent emergence of a toxigenic V. cholerae non-01 serogroup on the Indian subcontinent is regarded as an historic event that marked the beginning of the eighth cholera pandemic (16) . This serologically novel clone, designated 0139 Bengal, rapidly displaced existing strains of V. cholerae 01 and accounted for >95 percent of V. cholerae isolates in India and Bangladesh during the first year of its appearance. Studies to characterize the epidemiology of this disease as it spreads into other areas of the world are extremely important Thailand was the first country outside India and Bangladesh where the 0139 Bengal serogroup was reported (3); the disease appears to have distinctive epidemiologic features in that country.
The first reported cases of the 0139 Bengal strain in Thailand occurred between 1993 and early 1994 (3, 4) . The port city of Samutsakorn is one of the few locations in Thailand where cholera occurs with regular seasonality. We documented a significant increase in the total number of 0139 Bengal cases beginning in January 1994 at this location. However, in contrast to what was observed in India and Bangladesh (1, 2) , the appearance of the 0139 serogroup did not result in an increase in the total number of cholera cases; and the 01 serogroup continued to persist with approximately equal frequency as the O139 serogroup. The factors responsible for the different pattern of emergence of V. cholerae 0139 Bengal are unknown. Differences in population immunity, environment, or sanitation between Thailand and the Indian subcontinent may be important.
In India and Bangladesh, most V. cholerae 01 infections occur in children, whereas the majority of O139 Bengal cases have been among adults (1, 2) . In contrast, in our study population, adults accounted for the majority of cases for both the O139 and 01 serogroups. This suggests that there has been limited prior exposure to both of these strains in the Thai population. V. cholerae 0139 Bengal appears to be establishing itself in Thailand as a cause of low-level endemic disease with an epidemiologic pattern identical to that of the 01 strain, which has been prevalent. The fact that the Thai population may be equally susceptible to both strains suggests that factors other than population immunity are responsible for limiting the spread of cholera in Thailand.
As V. cholerae Ol el tor rapidly spread among the nonimmune population in Latin America beginning in 1991, case-control studies were useful in identifying risk factors for transmission and instituting public health recommendations (17, 18) . In this case-control study, we identified a number of potential modes of transmission, which were nearly identical for the 0139 Bengal and 01 serogroups. Epidemiologic evidence of transmission by consumption of untreated water and uncooked seafood was demonstrated. The finding that cholera was associated with a history of contact with persons who had diarrhea does not necessarily suggest person-to-person transmission, as patients and their contacts may have shared the same exposures.
Limited environmental data are available to corroborate the epidemiologic associations. In Bangladesh, V. cholerae 0139 Bengal was detected in 12 percent of surface water sources (19) ; and in Thailand, this strain has been isolated from water stored in the homes of four patients infected with V. cholerae 0139 (4). Although V. cholerae non-01 cultures were isolated from >50 percent of raw seafoods obtained from markets in Samutsakorn during 1994, toxigenic O139 Bengal was not identified (4) . Additional studies of seafood and water obtained from homes of infected patients are necessary, as are environmental studies of shellfish and farmed shrimp in Thailand. A polymerase chain reaction-based detection system would have the advantage of being able to identify potentially nonculturable organisms from environmental sources.
Although translating risk factor data into public health interventions is difficult, it is likely to be most successful in countries such as Thailand where there is strong public health infrastructure. Ongoing surveillance will be critical in characterizing the epidemiologic patterns and controlling outbreaks of disease. Surveillance should be established in all neighboring countries, and additional risk factor studies will be necessary as the eighth pandemic of cholera continues to define itself.
